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guidelines on CTV definition and knowledge of commonly 
missed/disconcordant CTV areas cannot be overemphasized 
to avoid such difference. 
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Purpose or Objective: For Toshiba Aquilion LB CT scanners, 
the reconstruction quality of 4DCTs is strongly dependent on 
the accuracy of cycle based online trigger pulses. Two 
consecutive triggers are used to define a breathing cycle 
which is divided into respiratory phases of equal duration. As 
a consequence, any deviation in the length of the inspiration 
or expiration period in relation to the whole breathing cycle 
will result in image artifacts and a higher probability of 
misinterpretations. The aim of this work is to improve 4DCT 
quality by using amplitude based triggers for each individual 
breathing cycle. 
 
Material and Methods: The trigger signals for the 4DCT 
reconstruction are originally provided by the Sentinel™ 
optical surface scanner (C-RAD AB, Sweden) using a threshold 
method in order to generate online trigger pulses. These 
always have to occur before the actual maximum of the 
curve and are used to reconstruct the 4DCT phases based on 
an equally divided breathing cycle (0% - 90% in 10% steps) for 
phase-based reconstruction. A second 4DCT is reconstructed 
using the true inhalation peak triggers created by an offline 
tool, also with phases of equal time for each cycle. 
Furthermore, a single trigger for each breathing phase is sent 
to the CT for a third reconstruction of all motion states based 
on the amplitude (e.g. 10%, 20%, etc.) of the breathing curve 
in relation to the maximum and minimum of one cycle. The 
absolute volume of a tumor inside of a moving chest 
phantom, which serves as a direct measure for reconstruction 
quality, has been determined for each motion state of the 
reconstructed 4DCT for 10 different curves (2 sinusoidal, 8 
patient breathing curves),  
 
Results: Reconstructing the 4DCT solely according to the 
online trigger pulses proposed by Sentinel™can lead to a 
mean deviation in the volume of the tumor of up to 2,98% ± 
4,65% compared to the CT reconstruction of the same tumor 
without any movement. When selecting the optimal trigger 
point at maximum inhalation offline and dividing the 
breathing curve into phases of equal duration, the error in 
volume is reduced to 0,19% ± 2,84%. Generating an amplitude 
based set of trigger pulses for each individual breathing 
cycle, the error in volume has been observed with 0,25% ± 
0,29%. 
 
Conclusion: Although the method of reconstructing 4DCTs 
using the amplitude-based information for each breathing 
cycle provides the best representation of the tumor volume, 
it appears to be quite impractically as every trigger file for 
each phase has to be sent into the CT for a single 
reconstruction of this motion state. This will be hard to 
accomplish in a clinical workflow and is prone to errors. A 
reconstruction of the 4DCTs based on equally divided 
respiration phases over time with the trigger points set to the 
true maximum of the breathing curve serves as a valid 
compromise, with minimal extra workload clinically and 
improved 4DCT image quality. 
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Purpose or Objective: The highly localized dose distribution 
in proton therapy (PT) makes this treatment modality 
sensitive to organ motion and deformations. E.g. in proton 
pencil beam scanning interplay effects may be significant, 
resulting in dose degradations. Due to the complexity of PT 
dose delivery, investigations of the consequences of motion 
and of motion mitigation strategies may benefit from the use 
of 3D dosimetry. A new family of silicone-based 3D 
dosimeters is currently being developed. These dosimeters 
can be moulded into anthropomorphic shapes and can be 
deformed during beam delivery, which allows for simulation 
of organ motion and deformation. 
Treatment planning with protons is based on CT scans of the 
patient anatomy and a conversion of the HU for the tissue to 
a stopping power ratio (SPR) relative to water. To ensure 
that the same procedure can be performed for the dosimeter 
it must be verified that its SPR is estimated correctly from its 
HU. The aim of this study was therefore to investigate if the 
use of Dual Energy (DE) CT and dedicated DE calibrations can 
improve the calculation of the SPR for the dosimeter 
compared to use of Single Energy (SE) CT together with the 
stoichiometric calibration method. 
 
Material and Methods: A thin slab of the dosimeter material 
was placed in a water tank and irradiated with a 60 MeV 
proton beam. The range of the protons was measured with 
and without the dosimeter intersecting the beam to 
determine the range difference. The SPR of the dosimeter 
was calculated from its thickness and the range difference. 
The dosimeter was subsequently CT scanned with a Dual 
Source CT scanner (Siemens Somaton Definition Flash). First a 
CT scan was obtained in SE mode with a tube voltage of 120 
kVp, and this scan was used in the stoichiometric calibration. 
Next a set of CT scans was obtained in DE mode with a tube 
voltage pair of 80/140Sn kVp (Sn: 0.4 mm extra tin 
filtration); this CT image set was used for SPR calculation 
with two published DE calibrations. The CTDIvol of the two 
scanning modes was set to be the same (~20 mGy). 
 
Results: From the range measurements, the SPR of the 
dosimeter was calculated to be SPRmeas = 0.97. The two DE 
calibration methods both gave an estimate of SPRest = 1.01, 
whereas the SE stoichiometric calibration estimate was 
SPRest = 1.10. The measured SPR did not fall on the 
stoichiometric calibration curve of the reference tissues 
(Figure; the high content of silicon makes the dosimeter not 
tissue equivalent). The dosimeter was found to have a HU 
corresponding to bone (CT number = 135 HU) but a SPR 
corresponding to fat. 
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Figure: Stoichiometric calibration curve. The HU shift for the 
dosimeter needed for a correct SPR estimation based on the 
curve is indicated with a red arrow. 
 
Conclusion: The stoichiometric method overestimates the 
measured SPR by 13%. Using DE this error is reduced, to an 
overestimation of 3%. If the stoichiometric method is used for 
the 3D dosimeter its HU must be corrected in the treatment 
planning system.  
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Purpose or Objective: To create a pseudo-CT (pCT) from T1-
weighted Brain MRI using “nonlocal means patch-based 
method” and to assess the result for MRI-only radiotherapy 
planning and verification. 
 
Material and Methods: In five patients with brain tumors, CT 
and contrast-enhanced T1-weighted fast-spin-echo sequences 
(1.5T GE MRI, TR = 756ms, TE= 7.152ms, reformatted 
resolution of 1.01x1.01x3mm3), were registered. MRIs were 
preprocessed by removing background and making tissues 
contrast more consistent. 2D patches, defined as MRI squares 
of 5x5voxels, in each voxel position, were pre-computed for 
all MRIs and labeled with HU values of registered CTs to form 
a database of patches with corresponding target HU values.  
The most similar patches (k=8) to each given patch in test 
MRI, were locally searched (ROI=15x15x15 mm3) from the 
database and their corresponding CT intensities were fused 
to predict its pCT value. Efficient local search region 
delimitation was possible by affine mapping between test and 
database MRI images. “Structural similarity measure” and 
“sum of squared difference” between database and test 
patches were used respectively for CT voxels positions 
selections and intensities weighting, when averaging them to 
estimate pCT value. 
Geometric and dosimetric assessments of the pCT were 
performed for all patients using leave one out cross-
validation. Voxel-wise Mean Absolute Error (MAE) and Mean 
Errors (ME) were computed to assess pCT and DRR intensities. 
Bone and air cavities geometry were quantified by dice 
indices. MAE Water Equivalent Path Length (MAE_WEPL) was 
computed for multiple 3D rays from the center of the head 
toward the upper hemisphere to evaluate the radiological 
path length.  
VMAT planning was done on generated pCT for all patients in 
Varian Eclipse (AAA algorithm) and RaySearch RayStation 
(Collapsed Cone algorithm) TPS for PTV, defined in a 
heterogeneous region including bone, air and soft-tissues. 
PTV, OARs and VMAT plans were copied to CT and dose 
computed for validation. DVH and other dosimetric 
parameters were compared between pCT and CT plans.  
 
Results: Figure 1 gives the visual assessment of the 
generated pCT and DRR. Mean MAE, ME and MAE_WEPL values 
for pCT evaluation were 138.5 (σ=15.3), 29 (σ=16.1), and 
32.5(σ=3.36), respectively. DICE index for bone and air 
cavities was 0.76 (σ=0.02) and 0.63 (σ=0.1), respectively. 
DRR average errors were: MAE=169.3 (σ=11.2) and ME =125.5 
(σ=33.8). 
Table 1 gives average dosimetric errors between pCT and CT 
for PTV and OARs, computed on Eclipse and RayStation TPS. 
The absolute dosimertic agreement between pCT and CT is 
within 1% for PTV and within 2% for OARs except for optic 




Conclusion: A promising study on the generation and 
validation of CT-substitute from standard clinical T1 MRI is 
presented. Further work will be done to assess and improve 
the method on more patients and different clinical sites. 
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